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Protection of Rats Against Dental Caries 

by Passive Immunization With Hen-egg-yolk Antib ody (IgY) 

S. OTAKE, Y. NISHIHARA, M. MAKIMURA, H. HATTA 1 , M. KIM* T. YAMAMOTO*. and M. HIRASAWA 1 



Hen-egg-yolk antibody (IgY) was prepared against Strepto- 

d^m^, 1 ^ 8148 C ,hat was in- 

dium containing sucrose, and it was used in passive caries 

ITnc'ft™]?; Specific pathogen-free rats infected with S. 
mutans MTZW ( c ) and fed with a cariogenic diet containing 
more than 2% immune yolk powder developed significantly 

S^L^T ,h , an did ,h - e oncs infected 

S»Ia r fed Wlth 3 d,et only control yolk powder 

obtained from non-immunized hens. Similar results were ob- 
tained in an experiment with rats infected with S. mutans JC- 
i (c) strain. Rats provided a diet supplemented with 0 5% 

specie IgY and challenged with S. mutans MT8148 exhibited 
XS^Si^ ' eSi0nS ' Wi,h 2 

J Dent Res 70(3):1«-W6, March, 1991 

Introduction. 

Streptococcus mutans serotype c is thought to be the principal 

1975, Bratthall and Itohler, 1976; Loesche and Straffon, 1979 
Several studies have been made regarding preventive meaW< 

,he . host b T ,his *«! WES m nT : 

ports sugges ,ng the possibility of preventing dental carfes by 
vaccination (active immunization) using as antigens mSaS 

23?^Sw f^. 19 ? 65 Smit , h 1978, 1979, l§ich- 
haw Slso'innnJT 1 ^ n V etal - 1981). Many researchers 

Sdsi^aS^if^ 11 ^ ° f L paSsive immunization 
against canes, m which specific anUbodies against mutans 
streptococci are administered orally (McGhee et al lS 

ntnZZ n',,1 978 ' 1985 5 Ma «^^987?Kakk'S; 
1V87). Recently, passive immunization has gained much a ! 

tention as compared with active immunization, be?auTe 0 f the 
possible side-effects caused by mutans streptococcal Cacdne 

1976:Hu * hes 

a „i t ,i,l! C ?? Vn ^ e hen ,ransfers sen "n ISO to the eee yolk 

globally, eggs may be a suitable source of antibody fo%Se 
immunization, which requires large amounts ofStibodS 

t\Jv\ .J*?? study ' * e P re Paration of egg-yolk antibody 
(IgY) against S. mutans serotype c and its effect on S3 
canes after passive immunizatioVof rats were EstigaSd 
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Materials and methods. 

Preparation of antigen.-^ S. mutans MT8148 (c) strain 
was used as an ant gen. The organism was cultured for 48 h 
in brain-heart infusion broth (Difco Laboratories DtiZ Mil 
containing 5% (w/v) sucrose at 3TC in S^SSaSS 
The micro-organisms were treated with 0.5% formalin fo? 24 
hand were collected by centrifugation (10,000 g, 5 min) 

0^Vrfor^W„ WaShed lhrC , e ^ * i,h ^le^almf 'comafig 
ndw ? i'"' re -? us P ende d in sterile saline, and homoee- 

S)%^ 

niz^wiS mL~ n ?f h 50 T ( P ^ old ) w «e ^mu- 
S c . \ J ,he anUgen (containing 1 x 10» CFU 
tailed £ mutans) by intramuscular injection into both lees 
(Shirnizu et al., 1988). After initial immunizat on the 2 
mumzation was repeated once a week for foufwXs (Is £ 

fhf ISl"?? 5 ^ Fig - 2 >" Ira n.unization was re^tedwhen 
the antibody tiler decreased. The eggs were collected dailv 

Sected Lm P ,r 1 • \ nt, 1 bod y P^fication. Blood was also 

*Sli!*S^ ow ,he Wing and used for ^ 

Ji%HESS ° />,0/ * ""^ For the sepa- 

ration of IgY anybodies, an average of 2000 eggs was pooled 
from 50 immunized or non-immuTiized hens. Detaikof IeY 

et al., 1988). Briefly, one part of the yolk was separated (HiX 
separator®, Suzusa Gohkin Mfg. Co., Ud , tK A3 

S rfoTB l 3 w/v?T nized he " s ^ raUed 2K»TS 

piT.5 % W ^arrageenan (FMC Co., Philadelphia 

m,„ 7k. ^ Afte J r 1 , . he muflure was allowed to stand for 30 
mm, the aggregated lipoproteins of the yolk were seoara ed bv 
centnfugation (10,000 g, ten min). The supernaS "as m 
tered through No 2 filter paper (Advantec To^o %Z jL 

A n^^T hydrog f n P hos P ha,e ( 10 mmoVL) was^dded 
to the filtrate (water-soluble protein fraction; WSF), 'and the 
WSF was adjusted to pH 8.0 with 3 mol/L NaOH This so 

S n i„ W ,h S e S Phil ! Zed f ° ° b,ai " ,he ™nized WSF^wd™ 
used in the rat canes test. ^ 

wn I ?^^ e f Preparatl0, l. 0f imm "nized yolk powder, egg yolk 
separated from eggs of immunized heni (laid between four and 
ten weeks after initial immunization) wi homoSed fTK 
Homomixer, Tokushu-Kika-Kogyo/Osaka, S] \SS£'- 
^a 1 red•fS m h t hT ,ro, ^ ^ and WSF^Sr wJre^- 
mel?„e?fb^ n0n - mmUn,Md ^ * ,he 5311,6 man " 

197«f T^l. y a . mo * Sed , ^ method (Markwell * al., 
' a de,ennu,e * e relative amounts of IgY in WSF and 
SinWSJ rcpara,,01 l s ' a siB & radial immunodiffusion 

t ( S^ f ^ Wa ! employed ^ ,hc usc of SRID Pbtes con" 
taming 5% (v/v) anti-serum against chicken serum feG (Zymed 
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IgY Antibodies (Yolk Powder) 



Experiments 



#of % of Yolk 
Animals Powder In Diet 



1 
2 
3 
4 



7 
7 
7 
7 



20 
20 
20 
20 



Ratio of Immune and 
Control Powder 

100:0 
33:67 
10:90 
0:100 



i r 
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y — h 



Days 



-th 



-ih- 
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-th 
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Diet containing antibiotics 
Diet containing |gY antibodies 

Infection of animals with &mutans MT8148(c) (3-4 consecUve days) 
Confirmation of colonization 
Carles Examination 



Laboratories Inc., San Francisco, CA) (Hatta et «/., 1990). 
Punned chicken serum IgG was used as a standard. The WSF 
preparation contained approximately 400 mg of IgY in 3500 
mg of yolk protein obtained from 100 g of egg yolk (Table 1). 
The crude yolk powder fraction consisted of approximately 2% 
IgY. Specificity of IgY antibody was examined by the Ouch- 
terlony test with rabbit antiserum against chicken serum IgG 
and mouse IgG. Specific binding was only seen with anti- 
chicken serum IgG. 

Determination of antibody levels-{l) Enzyme-linked im- 
munosorbent assay (EUSA).— The time-course of antibody 
levels in egg yolk against J. mutans (c) was evaluated by the 
EUSA method of Cbst et al. (1985). S. mutans antigen was 
suspended in 0.1 mol/L carbonate buffer (pH 9.6). This anti- 
gen suspension (A660 nm = LQ) at 100 jtiywell was used 
for coating an EUSA plate. Ovalbumin (1 mg/100 u,L) was 
used for blocking. Each well was washed three times with 200 
MjL of phosphate-buffered saline (PBS) containing 0.05% Tsveen 
20 (PBS-TVeen). Egg yolk and chicken serum were obtained 

rent ^ 311(1 ****** diluled MWO-Wd with 
PBS-Tween; 100 u,L of each per well in triplicate was reacted 
with the antigen for two h at 37°C After each well was washed 
apin with PBS-T\veen (as mentioned above), alkaline-phos- 
pnatase-conjugated rabbit IgG anti-chicken IgG (Zymed Lab- 
oratories, Inc.) diluted 2000-fold with PBS-Tween (100 aL) 
? a ? ^ d J? weU > and ^ Plate was incubated for two 
i 2 l weU ^ w&z* with PBS-Tween, and 100 
pL of the substrate solution (p-nitrophenyl phosphate, 1 msf 
ml ore^Iamine buffer, pH 9.8, Sigma, St. Louis, MO) 
was added. Enzyme reaction (30 min at room temperature) 



was stopped by adding 5 mol/L NaOH (50 ul/well), and the 
color developed was read at 405 nm with a plate reader (Model 
2550, Bio-rad, Richmond, CA). As a control, serum samples 
obtained from non-immunized hens were used. In some ex- 
periments, purified IgG from serum of immunized hens was 
used as a standard. 

(2) Agglutination /iter. -The agglutination titer of the yolk 
powder and WSF powder used in the rat caries experiment was 
determined by a microtiter-plate (Sanko-Jun-Yaku, Toyo, Ja- 
pan) technique. Each sample was dissolved in 10 mraol/L PBS, 
pH 7.2 (50 mg powder/mL). After each mixture was centri- 
fuged (10,000 g, 15 min), 50 uX of each supernatant was 



TABLE 1 

PREPARATION OF ANTI-& mutans MT8148 (c) EGG-YOLK 
ANTIBODIES 



& mKta«y-spccific IgY 



Sample 


Protein % IgY 


Agglutination 
Titer 


EUSA Value 
(A 405 am) 


Immunized Yolk 


30.6% 1.6% 


32 


0.6 


Powder 






Control Yolk 


30.9% 1.2% 


<2 


0 


Powder 








Immunized WSF 


71.3% 10.4% 


254 


0.9 


Powder 




Control WSF 


74.8% 10.8% 


<2 


0 


Powder 








WSF: Water-soluble protein fraction. 
IgY: Immunoglobulin yolk. 
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, !^ yo k , and seram anUbod y w'nw against Streptococcus mu- 

tatis, dosed (•) and open (o) circles indicate antibody Ircls in cm yott 
and scrum, respectively, of hens immunized with S. mutans Mlll4« 
Arrows indicate the immunization schedule. Intramuscular immunization 

7 1 m ed Aft th .l! ,e $ m ^ flra .( c ) whole-cell antigen (A660 nni - 
} plate rernained for twro h at 37?G,. it was further 

incubated jpr 12 h at 5>C, and the observed aggiuttnationS 
was Tecorded, As standard and control, serum or purified IgG 
Etudy immunized with J. mitfaw were used in 

Experimental rat caries model.-ln order to test anti-cario- 
genic activity of IgY antibodies in vim, the experimental rat 
caries model was used. Specific pathogen-free Sprague-Daw- 
ky rats (20 days of age) (Japan Clea Lab., Tokyo) TwJre treated 
r n ?MX' ,,in i , rS J w mC, [ ,in - and cM «wamphenicol (Michalek 
nlf^' ^ fo i: lhree davs 10 e,iminate the microbial 
flora. To this end rat chow (Oriental Yeast Co., Ltd., Tokyo) 

P e r 1 *S Pf diev TJustreatmeht:^ oral 
>nuTOH0i^|usim 

ual rats and: exanunejl; 09-. plates ; otetaiiiiii^ v ttn-- and mife. 

was not detected n the oral cavity. Rats were randomly sep- 
arated into several experimental groups, and each group con- 

S Sl^T ratS f (F > ^"^f expermS fseries 
I), all rats were fed modified diet 2000 (M2000), in which 
56% sucrose : in diet 2000 (Keyes and Jordan, 1964) was re- 
f' a " d !>y 36% sucrose and 20* yolk powder, which contained 
immunized and/or control yolk powder. The rats were then 

»S^ 1 ^ijW my ^- resis,ai,t fl m « /mL ) °fS. 
T flni J£H 48 c 01 5 - mutans JC-2 (c) by pipette (50uL 

o Lj 1° ?^ mL) 81 24 . davs of * F «8 7$ tm £ou P s 
?mi W ^,5?^ n,ain ^ 8 / our ^"nt ratios of ant,- 
5. mwraw MT8148 (c) immunized yolk and control yolk pow- 
der, as follows: 100/0 for group A] 33/67 for group B; K 

were EllS *%f m ? ,0 Wo» of the inoculum. The rats 
were killed at 78 days of age, and the mandibular caries scores 
were measured by the method of Keyes (1958) 
In a separate series of experiments, WSF powder preparation 



a : 0.1% control 
WSF Powder 

A : 0.1% Immune 
WSF Powder 

b : 0.5% control 
WSF Powder 

B : 0.5% Immune 
WSF Powder ; 

c : 1.0% control 

C : 1.0% ImmuneS 
WSFPbwdeiS 

d : 2.0% control ^ 
WSF Powder 

D : 2.0% Immune 
WSF Powder 




'/////'/, 




50 100 
Mean total carles score 

fJJt^Tf^t in mand '" bula ' ™>l»« of specific pathogen- 
free rats mfected with £ mutans MT8148 (c) and fed with diet M00 

containing higher a^^^ order to examine 

^ WSF ^« obtained from S.mutansmmim and hon- 
n 3«* :¥ S& were :aMed to,diet 2000. Groups A, B 

C, and p c^nUmed 0.1, 0.5, L0, and 2.0% of uS^mtaS 
immunized WSF powder in diet 2000, respectively. As cZ- 
trols, identical amounts of WSF powder prepared from normal 
egg yolks were added to diet 2000, and these g!oupJ ™ rc 

^t£?d', C i a " d d ' M anima,s were ''nfected with S. 
mutans Ml o 148 (c). 

Statistical analysis. -The caries scores were statistically 
analyzed by computing means and standard errors of the mean 
r^fferences between means of the experimental and control 

C Zu^ * St V dem ' s ' ,est - P value was 
?3 es 1 tebhsh ? d b y companson of the means obtained from 
individual experimental and control groups only. 

Results. 

Changes of antibody levels. -Changes of antibody levels in 
both egg-yolk and chicken serum against S. mutans antigen 
were investigated by ELISA for 25 wk after the T initial I Im- 
munization (Kg. 2). When immunization was made oncTa 
.? fc Wk ' ^ 'embody level in eggyolk increased 
SU., ? "^U" 8 . ,ts P««* in «he sixth week. On 

the other hand, the antibody level in the serum began to in- 
S fr °T,. th ?,. fiKt ^.reaching its peak in the fifth week. 
, JS^ty . the an, ! bo ^y levd decreased gradually, but when 
an additional immunization was conducted in the 19th week 
the s maximum level of the antibody was recovered in each hen.' 

PUntyofyolk antibody and agglutination titer. -The aaelu- 
tination titers against S. mutans (c) antigen in the immuneyolk 
powder 5 nd the "nmune WSF powder were 32 and 256; re- 
spectively (Table 1), whereas the agglutination titers of both 
control yolk powder and WSF powder were below 2 

The content of antibody in the WSF powder was about ten 
times higher than that in the yolk powder. 
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TABLE 2 

MEAN CARIES SCORES IN MANDIBULAR MOLARS ^^CJJJJJO^J^gRATS INFECTED WITH £ mutans MT8148 (c) AND 



Sulcal 



Buccal 



Mean Caries Score (± SE)# 



Appraximal 



Total 



Groups 
(Ratio of Immune/Control 
Yolk Powder in Dicttf 

B (33/67) 64.1±3.7* 5.6±0.4* # 14+0fi' 

» 7L1±5.0^ ^±1.2^ ^kto 

**M : nm^ hens were added to diet M20Q0. For example; diet iS^^rbim B 

^.Sf ^S^ m 1 ± ^2 g;:and tte weights^ ^ ^ ^ 

#StatisUcal aiiaiyses (r tests) were.carried out between i group D and the other groups ' ■ - ■ 

•Significance of difference, />< 0.01. 

••Significance of difference, p<0.05. 



42.8 ±2.8* 
71.1±4.1» 

:;8i:4^6l5*'* 

104.9 ±L9 




, Effect of eggyolk IgY antibody mmtcaries-{\) Effect of 
immune yolk powder on rat caries. —The mean mandibular 
caries scores of rats infected with SL /nutans MT8148 (c) strain 
were decreased by increasing the ratio of the immune yolk 
powder (0 to 100%) over control powder in the diet (Table 2). 
As low as one part of immune powder to nine parts of control 
powder in the 20% yolk protein contained in the M2000 diet 

.reduced, cariw deyelppmra in the sulcal surfaces, (group Q , 

^when ampared ^ 

significant reduction of ca^ 

j*!^ av^raget 

b^y weights ofithe^rats^ 

mfeantjy^difr^ 

t^d^the|^Hra^ 



Diet 2000 containing 2% immune WSF inhibited both smooth 
and sulcal caries development; On the other hand, diet con- 
sisting of control WSF did not provide any protection (pig. 3). 

Discussion. 

Passive immunization has been attempted as a method for 
^to determme the e : y^M 




NfT8148)^hdiwr^mfe^ 
of rats with this IgY aritib% ^ 
of caries induced by S. roitfa/w ^ 
strated that yolk protein contaiiiingX sirotroe c-spe- 
cific IgY antibody in M2000 reduced the development of dental 
caries. 

(2) Effect of immune WSF powder on rat caries. —Statisti- 
cally significant differences in total caries scores were ob- 
served in the^groups .fed .the, diets, containing 0.5, 1.0, and . 
2.0% o£ir^M WSF^ 
«>nt«>l ^E#o^ 
P<0.01 fori^^ 
immune WSFpcwde^ 
examined, 0.5% im^ 

opment of appraximal rather than sulcal caries (data not shown). 



Ityp^jn?^ 

^tefts^:^ iti of%ring with aqwired m^ES 

^ty(Par^ 
^^?^?™ed ^(Hattair 
muni^ei^thi^ 
<fg^f«5%(^:sucTo^ 
e,s ?M£!3s^#^ 

althoughboth pr^ 
higKmter of 

induction of S. mufany-specific antibody 'was ribte^fTwo to 
three weeks later, when compared with serum antibody. To 
'^wew ..ft? ^ IW^cst titer of SI 

marv irjMunization Thk find inHiVbtpH . tkwi ^;&i\^:\^^i^sW& 
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TABLE 3 

MEAN CARIES SCORES IN MANDIBULAR MOLARS OF SPECIFIC PATHOGEN-FREE RATS INFECTED WITH S mm 

WITH DIET M2000 FOR 58 DAYSt 


tow JC-2 (c) AND FED 


Groups 
(Ratio of Immune/Control 


Mean Caries Score (± SE)# 




Yolk Powder in Diet)* 


Solcal Buccal Aprjroxiinal 


Total 


A (100/0) 
B (33/67) 
C (10/90) 
D (0/100) 


54.8+ 1.4* 1.7±0.4» 0.5±0.5» 
67.2±1.2» 5.2±0J" 1.2±0.6** 
73.6±3.2» 6.8±1.4 2.4±0.7 
94.7±2.9 8.7±0.9 3S+n* 


57.0±1.5* 
73.6±1.6* 
82.8 ±4.3* 


tSee Table d footnote t. 

#Se1 Table \ fc^toote # ^ ^ ^ rals was 230 ± 3 « 4 *» ™ d ^ wci ^ of the rats Ln the four different groups were very similar. 
•See Table 2, footnote \" 
'•Sec Table 2, footnote ••. 
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It has been demonstrated that adsorption of £ mums MT8143 
(c) to saliva-coated hydroxyapatite is remarkably inhibited by 
pre-treatment of SL mutatis (c) with the purified yolk antibody, 
IgY (manuscript in preparation). We suggest that part of the 
rat caries reduction by the IgY antibody was due to inhibition 
of £ nations (c) i cell attachment. However, no statistically 
significant differences were obtained in the number of 5. mu- 
tatis in the experimental groups, compared with the control. 

It has Iran ret^r^ 
r < 6f;an^ . 
, . identity of the chic&en^seru^ ^ - 

also been demonstrated (Hatta ef }rf.t>i9fty.^ is 
;'~ i con^dered * jK^t . : tH0 ^ries p^tectipii: in^lhe^ rat LtlAt^ was ^ ob- 
seryed m this study : result in the 

egg yblkjobtam^ 

^e^ntly, ^ of pre- 

venting caries by p^sive immunization using mouse mono- 
clbnal lgG against 5: m^ antigen I/II 

(Lehner &al:' 9 1985) arul inrniuni^ bovine whey IgGl against 
mutans streptococci whole cells (Michalek era/., 1987). Our 
study provides additional evidence that S. mura/is-speciftc IgY 
antibody induced in the yolks of hens' eggs can be used for 
passive immunization to prevent development of dental caries 
in rats. 

The content of antibody in the egg yolk (ca. 100-150 mg/ 
egg) is remarkably higher than that in mammalian serum or 
milk. Moreover, eggs containing antibody are consumed as ; 
^food^a^ srfety,nt>maybe>n^ 
eggs as a source of antibody fo^^ 
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